INTRODUCTION
Neuropathological and epidemiological data suggest that inflammatory mediators and immune mechanisms may play a role in the pathogenesis of Alzheimer's disease (AD) (McGeer et al, 1996; Cagnin et al, 2001; Ho et al, 2001; in 't Veld et al, 2002; Etminan et al, 2003) . It has been proposed that these effects may be mediated via the COX-2 enzyme (Pasinetti, 2001 ). These observations have led researchers to investigate whether nonsteroidal anti-inflammatory drugs (NSAIDs) might slow the progression of dementia. Initially, two small studies with the NSAIDs indomethacin (Rogers et al, 1993) and diclofenac (Scharf et al, 1999) provided preliminary evidence for efficacy over 6 months in patients with AD. However, interpretation of the results from both studies was confounded by high dropout rates, mainly due to gastrointestinal side effects thought to be mediated via inhibition of COX-1 (nonselective NSAIDs inhibit both COX-1 and COX-2) (Warner et al, 1999) . More recently, three larger randomized, controlled, 1-year clinical studies with the selective COX-2 inhibitors rofecoxib or celecoxib failed to show any effects of treatment on the progression of AD (Sainati et al, 2000; Aisen et al, 2003; Reines et al, 2004) . One of these studies included the nonselective NSAID naproxen, which also failed to show any effects (Aisen et al, 2003) . In addition, the anti-inflammatory agent hydroxychloroquine did not show any benefits in an 18-month trial (Van Gool et al, 2001) .
A possible explanation for the lack of efficacy in the above studies is that the underlying pathology might be too advanced in patients with an established diagnosis of AD for an anti-inflammatory treatment to alter the course of the disease. Epidemiological evidence indicates that there may be a critical period, 2 or more years before the onset of dementia, during which exposure to NSAIDs protects against AD (in 't Veld et al, 2001) . Selective COX-2 inhibitors offer the potential for treatments that may have beneficial protective effects in AD while being well tolerated in long-term use. We therefore conducted a study to determine whether treatment with rofecoxib could delay a diagnosis of AD. Rather than evaluating a general elderly population with a relatively low incidence rate of AD, we sought to recruit elderly patients with mild cognitive impairment (MCI) (Petersen et al, 2001a, b) . These patients were expected to have an annual AD diagnosis rate of 10-15% vs a rate of 1-2% for the general elderly population (Petersen et al, 2001a, b) . The study also provided the opportunity to gather important placebo-controlled, longterm safety data on rofecoxib in an elderly population.
METHODS

Patients
Patients aged 65 years or older who had completed at least 8 grades of education, and had a reliable informant who could accompany them to each clinic visit, were recruited at 46 study sites in the United States from April 1998 to March 2000. Potentially eligible patients were initially identified by investigators (by any means available) or via a centralized telephone prescreening process (Lines et al, 2003) . Patients were screened at the study sites to determine if they met all the following criteria for MCI: patient reports memory problem, or informant reports that patient has memory problem; informant reports that patient's memory has declined in the past year; Mini Mental State Exam (MMSE) (Folstein et al, 1975 ) score X24; Clinical Dementia Rating (CDR) (Morris, 1993) global score ¼ 0.5 with memory domain score X0.5; Blessed Dementia Rating Scale (BDRS) (Morris et al, 1988) total score p3.5, with no part 1 item score 40.5; Auditory Verbal Learning Test (AVLT) (Schmidt, 1996) total score p37. The cut score on the AVLT corresponds to a score p1 standard deviation (SD) below the mean for normal elderly subjects; for the first 6 months of study enrollment, age-adjusted cut scores 1.5 SDs below the means for separate age bands were used (see Appendix A1). Further details of these tests of cognition and function are given in Appendix A1. The CDR assessment was completed on the basis of interviews with the patient and informant by a rater who was blinded to the results of psychometric tests (AVLT and MMSE).
Patients were excluded if they had: dementia; inadequate motor or sensory capacities to comply with testing; a modified Hachinski Ischemic Scale (Rosen et al, 1980) score 44 (to exclude patients whose cognitive impairment may have been related to a vascular condition); a Hamilton Depression Scale (17-item version) (Hamilton, 1960) score 413 (to exclude patients whose cognitive impairment may have been related to depression); a history of angina or congestive heart failure with symptoms that occurred at rest; uncontrolled hypertension; a history within the past year of myocardial infarction, coronary artery bypass, angioplasty, or stent placement; a history within the past 2 years of stroke, multiple lacunar infarcts, or transient ischemic events; a history within the past 3 months of gastrointestinal bleeding; an expected therapeutic need for chronic NSAID or estrogen replacement therapy during the study. Patients taking NSAIDs on a chronic basis (X7 days/ month for the 2 months prior to study entry), estrogen replacement therapy (excluding topical ointments) within 2 months of study entry, or cholinesterase inhibitors within 1 month of study entry were also excluded. No more than 20% of patients at each study site could be taking vitamin E 4400 IU at the time of study entry. Concomitant use of the above medications during the study was discouraged, but patients who did take them were not discontinued for this reason. Patients who developed a need for cardio-protective doses of aspirin after randomization were permitted to use aspirin p100 mg/day; clopidogrel was also allowed. Each site received the approval of its local institutional review board to perform the study, and informed consent was obtained from each subject.
Design
This was a randomized, double-blind, placebo-controlled study with parallel groups. After screening, eligible patients were randomly assigned to receive rofecoxib 25 mg once daily or placebo once daily for up to 4 years. Rofecoxib 25 mg was the maximum recommended dose for approved chronic indications (Merck & Co. Inc., 2003; on September 30, 2004, Merck & Co. Inc., announced the voluntary worldwide withdrawal of rofecoxib from the market). Randomization of patients at each study site was determined by a computer-generated allocation schedule and was stratified according to 426) . The allocation schedule was generated by a statistician at Merck Research Laboratories according to in-house blinding conditions. The rofecoxib and placebo tablets were visually identical. The original intention was that the study would be event-rate driven and would continue until 220 patients had received an AD diagnosis, which it was anticipated would take approximately 2 years. The study was extended to 4 years due to lower than expected AD diagnosis rates. A decision was made in October 2002 to terminate the study in April 2003, 11 months earlier than the scheduled March 2004 termination (ie 4 years after the last patient was enrolled). Based on the diagnosis and discontinuation rates observed as of July 2002, it was estimated that 219 end points should have been observed by April 2003. In fact, only 189 diagnoses of AD had been made at this time, and discontinuation rates had continued to increase. The combination of the low diagnosis rates and increasing discontinuation rates made it unlikely that the target number of events could have been achieved and it was therefore considered that continuation of the study until its planned termination would not have been productive. The decision was made prior to unblinding.
Procedure
After randomization, patients were scheduled to attend the clinic at months 1 and 4, and then every 4 months until the study was completed or the patient was diagnosed with dementia. The study was conducted using an intent-to-treat approach; that is, patients who discontinued treatment, but who had not developed dementia, were asked to return to the clinic for all remaining visits and assessments. The following assessments were administered at baseline and every 4 months, or at discontinuation from the study: CDR, MMSE, Selective Reminding Test (SRT; see Appendix A1 for details) (Buschke, 1973) . The cognitive subscale of the AD Assessment Scale (ADAS-Cog; see Appendix A1 for details) (Rosen et al, 1984 ) was administered at baseline and then every 12 months, or at discontinuation from the study. The BDRS was administered at baseline and at 24, 36, and 48 months, or at discontinuation from the study. Any patient who received a global CDR score X1 at a routine clinic visit was suspected of having converted to dementia and administered a CT or MRI scan of the brain and any psychometric tests that were not already scheduled for that visit. The patient was continued on treatment and returned for an end point confirmation visit 2 months later, at which time all the psychometric evaluations were repeated. If the global CDR score was still X1 at this visit, the patient was considered to have reached the end point of dementia and was discontinued from the study (regardless of the outcome of the adjudication process described below). In some cases, a patient was determined by an investigator to have developed dementia despite maintaining a global CDR score of 0.5 at the trigger and confirmation visits, and these patients were also counted as end points and were discontinued from the study. The investigator determined the type of dementia: possible or probable AD according to NINCDS-ADRDA criteria (McKhann et al, 1984) or other, for example, vascular dementia. For patients who reached the end point of clinically diagnosed dementia, all relevant data were sent to an independent blinded adjudication committee consisting of three experts. Each adjudicator reviewed the data independently and indicated whether or not they concurred with the investigator's diagnosis. In order to qualify as an event for the primary analysis, a majority decision in X2 of the three adjudicators that the patient met criteria for possible or probable AD was required (ie X2 adjudicators classified the event as probable AD, X2 adjudicators classified the event as possible AD, or one adjudicator classified the event as possible AD and one adjudicator classified it as probable AD).
Any adverse experiences occurring during the study were recorded and rated by the investigator, while still blinded to the treatment that the patient was receiving, as to seriousness (death, life threatening, resulting in persistent or significant disability, resulting in hospitalization, prolonging an existing hospitalization, any other important medical event), drug-relatedness (possibly, probably or definitely drug-related, probably not or definitely not drugrelated), and intensity (mild, moderate, or severe). All serious vascular events (including cardiac, peripheral vascular, and cerebrovascular events) and upper gastrointestinal perforations, ulcers, and bleeds were reviewed by independent blinded adjudication committees, who determined if they were confirmed events according to prespecified case definitions (confirmed events) (Bombardier et al, 2000; Konstam et al, 2001) .
Statistical Analysis
The primary efficacy analysis compared the cumulative incidence of possible or probable AD according to NINCDS-ADRDA criteria (McKhann et al, 1984) ; patients with dementia of other cause were censored in the analysis at the time of diagnosis. AD diagnoses confirmed by the end point adjudication committee were the only end points included in the primary analysis. The analysis was based on a Cox proportional hazards model of time-to-event data (based on the initial diagnosis of AD) using an intention-totreat approach, which included all randomized patients regardless of whether or not they were taking study medication. The model included terms for treatment, region within the United States (North East, South East, South, Midwest, West), and baseline MMSE strata (baseline MMSE score p26 vs 426). Region was intended to be a surrogate for investigating the influence of study site, since there were too few events at individual study sites to include that as a factor. An additional prespecified on-drug analysis was restricted to patients who converted to AD within 14 days of being on study medication.
The calculation for the power statement assumed that the incidence of possible or probable AD over 2 years in the placebo group would be 30% and that the discontinuation rate would be 20%. Based on these considerations and a planned sample size of 520 evaluable patients per group, the study had 90% power to detect a one-third reduction in the incidence of AD in the rofecoxib group vs the placebo group with two-tailed a ¼ 0.05.
Analyses of prespecified secondary measures (SRTsummed recall score, SRT-delayed recall score, MMSE score, ADAS-Cog score, CDR-sum of boxes score, BDRS score) were based on available data for evaluable patients (ie patients who had a baseline score and at least one postrandomization score). The annual rates of change from baseline to a given time point (slopes), and slope differences between groups, were estimated using an intention-to-treat approach (ie including all data regardless of whether a patient discontinued from therapy or not) and analyses were performed using longitudinal repeated measures models for the comparison, under the assumption that missing data were missing at random (ie ignorable missingness). Additional sensitivity analyses were also performed using a last-observation-carried forward approach, as well as with other models with different assumptions about the missing data structure.
The present study had a broadly similar design (randomized, double-blind, placebo-controlled) and utilized some similar assessments (ADAS-Cog and CDR) to a previous 1-year AD treatment study of rofecoxib 25 mg in patients who had MMSE scores of 14-26 (Reines et al, 2004) . Since there were overlapping subgroups of patients who had MMSE scores of 24-26 in both studies, indicating a similar level of cognitive impairment despite the difference in diagnosis, we also conducted a post hoc analysis to compare change from baseline scores on measures of cognition (ADAS-Cog) and global function (CDR-sum of boxes) in the overlapping subgroups in the two studies. The analysis looked at estimated annual slope differences using the same methods as described above. For the subgroup from the previous AD treatment trial, the annual slope estimates were derived from data over 12 months. For the subgroup from the present study, the annual slope estimates were derived from data over 48 months.
The assessment of tolerability included on-drug adverse experiences with onset up to 14 days after patients stopped taking test medication, and was based on the population of patients who took at least one dose of study medication. Prespecified groupings of adverse experiences (eg the number of patients with one or more adverse experience) were analyzed using Fisher's exact test.
RESULTS
The study profile is shown in the study flowchart (Figure 1 ). A total of 1457 patients were randomized. The study was terminated after 189 confirmed diagnoses of AD had been made. The median duration of study participation was 115 weeks in the rofecoxib group and 130 weeks in the placebo group. The median duration patients took study medication was 94 weeks in the rofecoxib group and 105 weeks in the placebo group. Estimates of treatment compliance based on counts of the number of tablets in medication bottles at each clinic visit and calculated as ((number of days on therapy/number of days in study) Â 100) indicated reasonable compliance; 61.0% of the 725 patients randomized to rofecoxib and 70.8% of the 732 patients randomized to placebo had X80% compliance during the time they were in the study. Approximately 45% of patients discontinued the study prematurely, while 40% completed the study on-drug (including patients who had not completed 48 months of treatment but were still in the study at the time of termination), and 15% completed the study off-drug. Reasons for discontinuation were generally similar across the treatment groups, although there were some small differences; for example, a greater proportion of patients in the placebo group discontinued due to withdrawal of consent (see Figure 1) . The time course of discontinuations was similar between the treatment groups over the duration Figure 1 Study flowchart. Patients were prescreened for eligibility before being screened in the clinic. Data on the precise number of subjects prescreened were not collected, but the number was 417 000. The total who completed the study includes patients who completed 48 months of study participation (N ¼ 115 for rofecoxib, N ¼ 146 for placebo), patients who were diagnosed with dementia of any cause (N ¼ 112 for rofecoxib, N ¼ 83 for placebo), patients who completed less than 48 months of study participation but were still in the study at the time it was terminated (N ¼ 121 for rofecoxib, N ¼ 123 for placebo), and patients who were discontinued because the study site closed (N ¼ 52 for rofecoxib, N ¼ 49 for placebo).
of the study (data not shown). Of those who discontinued, placebo patients had higher baseline ADAS-Cog scores, indicative of greater cognitive impairment and possibly greater risk of progression to AD, than patients randomized to rofecoxib (p ¼ 0.034 in a logistic regression model); the mean baseline ADAS-Cog score was 9.6 in placebo discontinuers vs 9.1 in rofecoxib discontinuers. The change from baseline to last evaluation time point scores on the ADAS-Cog, MMSE, and CDR-sum of boxes in the subgroup of discontinued patients who had at least one on-treatment evaluation was similar between the treatment groups (data not shown). Table 1 shows the baseline demographic characteristics and baseline test scores for randomized patients. The groups were generally comparable with regard to baseline characteristics and test scores. The distribution of secondary diagnoses at baseline was generally similar between the groups. The most common pre-existing medical conditions were hypertension (37.7% in the rofecoxib group and 34.3% in the placebo group) and osteoarthritis (22.2% in the rofecoxib group and 24.3% in the placebo group). The percentages of patients with reported prior use (for any length of time in the 2 months prior to study entry for NSAIDs and estrogen, and 1 month prior to study entry for other drugs) of drugs claimed to have an influence on dementia were generally similar in the rofecoxib vs placebo groups for NSAIDs (8.4 vs 10.2%), ginkgo (12.6 vs 11.2%), statins (14.9 vs 13.0%), estrogen (0.4 vs 1.4%), and vitamin E 4400 IU daily (5.8 vs 5.6%). The percentages of patients with reported concomitant use (for any length of time during the study) of drugs claimed to have an influence on dementia were lower in the rofecoxib group than the placebo group for NSAIDs (30.9 vs 34.7%) and estrogen (2.6 vs 4.8%), higher for cholinesterase inhibitors (11.2 vs 8.6%), and similar for statins (24.8 vs 24.9%), ginkgo (13.7 vs 12.8%), and vitamin E 4400 IU daily (7.3 vs 7.5%). The median duration of reported concomitant NSAID use was lower in the rofecoxib group (5.6 weeks) than the placebo group (7.4 weeks). The percentages of patients with reported aspirin use in the 2 months prior to the study were 10.1% in the rofecoxib group and 9.0% in the placebo group. The percentages of patients with reported aspirin during the study were 31.7% in the rofecoxib group and 29.9% in the placebo group.
A total of 195 investigator diagnoses of dementia (190 diagnoses of possible or probable AD and five diagnoses of non-AD dementia) were evaluated by the end point adjudication committee. The primary end point of clinically diagnosed AD included the 189 patients who were confirmed to have developed possible or probable AD by X2 members of the committee. Two events adjudicated to be non-AD dementia, two events adjudicated to be nondementia, and two events in which there was no agreement between adjudicators (one adjudicator classified the event as AD, one classified it as non-AD dementia, and one classified it as nondementia) were not included as end points in the primary analysis. In the 189 patients with adjudicator-confirmed clinically diagnosed AD, global CDR scores at the last clinic visit were 0.5 (questionable dementia) in 21 patients, one (mild dementia) in 159 patients, two (moderate dementia) in eight patients, and three (severe dementia) in one patient.
In the rofecoxib group, 107 of 725 (14.8%) patients had clinically diagnosed AD over the 4-year study period vs 82 of 732 (11.2%) placebo patients over 4 years. The estimated hazard ratio (rofecoxib : placebo), adjusting for the effects of baseline MMSE stratum and region, was 1.46 (95% CI: 1.09, 1.94), which was statistically significant (p ¼ 0.011, Wald w 2 test) in favor of placebo. The treatment-by-time interaction was not significant (p ¼ 0.260), indicating that the proportional hazards assumption was reasonably met. Baseline MMSE stratum (score p26; score 426) had a highly statistically significant effect on outcome with an estimated hazard ratio of 3.23 (95% CI: 2.42, 4.32) (po0.001), indicating that patients in the lower stratum were much more likely to progress to AD irrespective of treatment assignment. Treatment effects were consistent across MMSE stratum levels, as well as geographic regions. Kaplan-Meier estimated proportions of patients with clinically diagnosed AD at 4-month increments are shown in Table 2 . A separation in event rates between treatment groups was evident at the earliest time point (4 months), a gap that was maintained through the last follow-up time point of 48 months as shown by the nonsignificant p-value for the test of proportionality of treatment-specific hazard rates (see above). Estimated annual diagnosis rates were 6.4% (95% CI: 5.3%, 7.7%) in the rofecoxib group and 4.5% (95% CI: 3.6%, 5.6%) in the placebo group. The above analysis included patients whether or not they were taking study medication. In the prespecified analysis looking at events that occurred on-drug (N ¼ 723 for rofecoxib and N ¼ 728 for placebo), there was no evidence for an increased hazard ratio (1.49 (95% CI: 1.08, 2.05), p ¼ 0.014) compared with the hazard ratio of 1.46 observed in the primary analysis, which included patients who had stopped taking study treatment.
To further explore the unexpected finding favoring placebo in the primary analysis, we conducted a post hoc analysis to adjust for factors that showed an effect, at a significance level of po0.10, on progression to AD. Those factors correlated with greater likelihood of progression to AD were lower baseline MMSE score stratum (24-26), female gender, age 475, and prior ginkgo use. Factors associated with a decreased risk of progressing to AD were longer duration of concomitant NSAID use, and concomitant use of statins. In the analysis that adjusted for these factors, the statistical significance of the hazard ratio was reduced (1.31 (95% CI: 0.98, 1.75) p ¼ 0.065). Presence of the apolipoprotein e4 allele was a risk factor but was not included in the model because information was missing for a substantial proportion of patients. Based on a significance level of po0.10, family history of AD did not appear to be a risk factor in this study.
Because rofecoxib and other NSAIDs can cause small mean increases in blood pressure (Gertz et al, 2002; Schwartz et al, 2002) , and there is some evidence to suggest that increased blood pressure might be associated with an increased risk of dementia (Skoog, 1997; Birkenhager et al, 2001) , we also performed two post hoc analyses to evaluate whether the rofecoxib : placebo risk ratio for diagnosis of AD increased as a function of increased blood pressure change. In the first analysis, change from baseline in mean arterial blood pressure (defined as (2 Â diastolic blood pressure þ systolic blood pressure)/3) at month 4 was calculated for each patient. The rofecoxib : placebo odds ratios for diagnosis of AD were then calculated for three categories of patients: those with no change or a decrease (odds ratio ¼ 1.43), those with an increase p5 mmHg (odds ratio ¼ 1.18), and those with an increase 45 mmHg (odds ratio ¼ 1.47). The Breslow-Day test of homogeneity of the odds ratios across categories indicated no significant differences (p ¼ 0.895). In the second post hoc analysis, we looked at a predefined limit of change in systolic blood pressure, which was prespecified as a postrandomization value that was X180 mmHg and showed a X20 mmHg increase from baseline. The rofecoxib : placebo hazard ratios for diagnosis of AD were similar in those patients who did not meet the predefined limit of change criteria (hazard ratio ¼ 1.42 (95% CI: 1.06, 1.92)), compared with those who did meet the criteria (hazard ratio ¼ 1.53 (95% CI: 0.49, 4.81)).
The least squares mean scores for the secondary end points of cognition and function at 1-year intervals using the repeated measures models approach described in Methods are summarized in Table 3 . The prespecified analysis looked at the estimated annual slope difference (placebo minus rofecoxib) for each measure based on data over the entire 4-year period. In contrast to the primary end point, there were no significant differences between treatment groups on estimated annual slope differences for SRT-summed recall score (slope difference ¼ 0.026 (95% CI: À0.307, 0.359), p ¼ 0.878), SRT-delayed recall score (slope difference ¼ À0.012 (95% CI: À0.104, 0.081), p ¼ 0.806), MMSE score (slope difference ¼ À0.002 (95% CI: À0.095, 0.090), p ¼ 0.959), ADAS-Cog score (slope difference ¼ À0.098 (95% CI: À0.287, 0.091), p ¼ 0.311), or BDRS score (slope difference ¼ 0.079 (95% CI: À0.081, 0.238), p ¼ 0.333). The slope difference for the CDR-sum of boxes score showed a nonsignificant trend in favor of placebo (slope difference ¼ À0.068 (95% CI: À0.139, 0.002), p ¼ 0.058); this would be expected to be highly correlated with the primary end point since the global score on the CDR was used to trigger the diagnosis of AD. Additional sensitivity analyses for the secondary end points were also performed using a last-observation-carried forward approach. The results, indicating a lack of treatment differences, were similar across these analyses, which were based on different assumptions about the missing data structure.
The post hoc analysis comparing test scores in overlapping subgroups of patients with MMSE scores of 24-26 in the present study (the subgroup with the worst prognosis) and a previous AD treatment study (Reines et al, 2004 ) included a total of 405 patients (rofecoxib N ¼ 189, placebo N ¼ 216) from the present MCI study, and 205 patients (rofecoxib N ¼ 91, placebo N ¼ 114) from the previous AD treatment study. There was no consistent evidence of a differential treatment effect of rofecoxib in the A total of 1451 patients were included in the on-drug safety analysis (723 in the rofecoxib group and 728 in the placebo group). There were slightly fewer patients in the safety analysis than in the efficacy analysis because six patients who never took study medication were excluded from the safety analysis. The adverse experience profile is summarized in Table 4 . The rofecoxib and placebo groups were similar with regard to the percentages of patients with any adverse experience, any serious adverse experience, and who discontinued treatment due to an adverse experience. There was a significant increase for rofecoxib in the number of patients with adverse experiences that were considered possibly, probably, or definitely drug-related by the investigators. The most common drug-related adverse experiences are shown in Table 4 . There was no particular individual adverse experience that contributed to the overall difference between rofecoxib and placebo for drug-related adverse experiences, and relatively few patients discontinued study treatment due to drug-related adverse experiences (58 or 8.0% for rofecoxib and 41 or 5.6% for placebo). The number of patients with confirmed upper gastrointestinal perforations, ulcers, or bleeds was 14 in the rofecoxib group and four in the placebo group. A total of 39 deaths occurred in patients who were taking study treatment or from fatal adverse events that started within 14 days of the last dose (24 or 3.3% for rofecoxib and 15 or 2.1% for placebo). Patients died from a range of causes that were consistent with expectations for an elderly population, and there was no specific pattern as to the cause of death in either treatment group. The only specific fatal adverse events with more than one patient per treatment group were myocardial infarction (four patients on rofecoxib and three on placebo), cardiac arrest (two patients on rofecoxib and none on placebo), pneumonia (two patients on rofecoxib and none on placebo), and renal failure (one patient on rofecoxib and two on placebo). (An individual patient may have had more than one adverse event associated with death.) Off-drug follow-up mortality data were available for less than half of the patients (N ¼ 356 for rofecoxib, N ¼ 307 for placebo); the median duration of off-drug follow-up in these patients was 29 weeks in the rofecoxib group and 20 weeks in the placebo group. There were an additional 22 deaths in the off-drug period (17 in patients assigned to rofecoxib and five in patients assigned to placebo); 12 of these (11 in the rofecoxib group and one in the placebo group) occurred more than 48 weeks after treatment discontinuation. Compared with the on-drug period, there were an additional five patients with off-drug myocardial infarction fatal adverse events (five rofecoxib, none placebo), and an additional two patients with each of cardiac arrest (two rofecoxib, none placebo), pneumonia See Table 1 for key to test abbreviations and interpretation of direction of scores. 1-year data are not provided for the BDRS because it was not scheduled to be administered until the 2-year time point.
(two rofecoxib, none placebo), and renal failure (two rofecoxib, none placebo) off-drug fatal adverse events. The number of patients with confirmed serious thrombotic vascular events on-drug was similar in the two groups (38 in the rofecoxib group and 36 in the placebo group). There were a total of six patients with confirmed ischemic strokes and one patient with hemorrhagic stroke in the rofecoxib group compared to 13 patients with confirmed ischemic strokes and two patients with hemorrhagic strokes in the placebo group. Thirteen patients in the rofecoxib group had confirmed nonfatal myocardial infarctions vs 10 in the placebo group.
DISCUSSION
In this 4-year study of 1457 patients with MCI, there was no evidence that rofecoxib delayed a diagnosis of AD. A treatment difference in favor of placebo was observed on the primary end point of time to clinically diagnosed AD. This finding was not confirmed by secondary measures of cognition (ADAS-Cog, SRT, MMSE) or global function (BDRS, CDR-sum of boxes), which found no statistically significant or clinically meaningful differences between treatment groups. The possibility that rofecoxib might be inferior to placebo was also not supported by data from two large previous AD treatment studies, which included patients with an MMSE score up to 26 (thereby partly overlapping with patients in the present study who had an MMSE score X24), and found that rofecoxib had no significant effect on the progression of cognitive or functional decline (Aisen et al, 2003; Reines et al, 2004) .
Given the unexpected nature of the primary finding, it was thought important to compare the present results with those from an independent database. We therefore conducted a post hoc analysis of test scores in subgroups of patients with MMSE scores of 24-26 in the present study (ie those patients who were most likely to receive a diagnosis of AD) and in a previous AD treatment study (Reines et al, 2004) . These studies had similar designs and utilized similar assessments. Since MCI is hypothesized to be on a continuum of cognitive impairment ranging from very mild impairment (ie MCI) through mild, moderate, and severe dementia, it is plausible that many patients with MMSE scores of 24-26 in the two studies may have been biologically similar, even though one group was diagnosed with dementia and the other was not. There was no evidence to suggest differences between treatments on assessments of cognition (ADAS-Cog) in this subgroup in either study. In the subgroup analysis from the present study, there was a significant difference between treatments for the CDR-sum of boxes score. This finding was not surprising given that the global score on the CDR was the trigger for diagnosing AD. Indeed, because of its close relation with the primary end point of AD diagnosis, the CDR sum-of boxes score can be viewed as a surrogate for the primary end point. There was no difference between rofecoxib and placebo on the CDR sum-of-boxes score in the subgroup analysis from the previous AD treatment study.
An intriguing observation in the present study was that the separation between treatment groups in rates of diagnosis of AD was apparent from 4 months (the earliest time point assessed) but did not increase over time, raising the possibility that there may have been an imbalance between the groups at baseline. Although there was no clear evidence of a major imbalance for measured baseline variables, including severity of impairment, the model which adjusted for covariates that were risk factors for receiving a diagnosis of AD showed the smallest treatment effect and was not statistically significant. The finding that the treatment difference was not further increased in the analysis restricted to the on-drug population was also not supportive of a true treatment effect.
Since this is the first report of a completed randomized controlled study examining progression to an AD diagnosis in MCI patients, it is important to consider aspects of the design or conduct of the study that could have had an influence on the results. An obvious concern in a study with a long duration is that differential discontinuation rates may have influenced the results. A discontinuation rate of approximately 45% occurred over the course of the study and only 40% of patients completed the study on-drug. These findings are not surprising given the duration of the study and the elderly population being investigated. Overall discontinuation rates, time course of discontinuations, and change from baseline test scores at the time of discontinuation were similar between the treatment groups, although there were some small differences between the groups with regard to specific reasons for discontinuation; for example, a greater proportion of patients in the placebo group discontinued due to withdrawal of consent. The relatively high proportion of patients who withdrew consent may have been a consequence of the fact that patients were required to sign an additional consent form after 2 years, owing to the study being extended beyond the original timeline, and were unwilling to go beyond their initial commitment. There was also some evidence that patients who discontinued from the placebo group were more impaired at baseline on the ADAS-Cog than patients who discontinued from the rofecoxib group. If the more impaired patients who discontinued were at higher risk of conversion to AD, then differential dropouts may have had an influence on the results. Another notable observation in the present study was that the overall annual AD diagnosis rate of 5-6% was lower than the anticipated 10-15% annual diagnosis rate reported in previous observational or natural history studies (Petersen et al, 2001a, b) . There are several possible explanations for this disparity. Firstly, the diagnosis of MCI is heavily dependent on clinical judgment (Petersen, 2003) , and the particular tests and score thresholds used to provide objective evidence of memory impairment are not standardized (Chertkow, 2002; Petersen, 2003) . It is therefore possible that the population of patients included in the study was more heterogenous than, or different from, MCI populations previously described. Indeed, the population contained a lower proportion of women and patients with the apolipoprotein e4 allele than others have reported Jack et al, 1999; Morris et al, 2001) . Another possible contributing factor to the low diagnosis rates was the change in the cut-score criteria on the AVLT (the memory test used to provide objective evidence of memory impairment) during the study. After 6 months of enrollment, the cutoff was changed from age-adjusted 1.5 SD cut scores to a single cut score 1 SD below the mean for normal elderly subjects (see Appendix A1). We retrospectively looked at diagnosis rates in patients who met the original 1.5 SD criteria (N ¼ 203 for rofecoxib and N ¼ 203 for placebo) and the estimated annual diagnosis rates (11.3% for rofecoxib and 8.3% for placebo) were more in line with previous data, although still lower than anticipated for the placebo group. Finally, the fact that the MCI concept was relatively new at the time the study was initiated, along with the source of the patients (advertising campaigns as well as direct clinical referrals), may have also resulted in greater heterogeneity with regard to underlying etiology in the recruited patients.
To summarize the efficacy data, the unexpected primary finding in the present study suggesting that rofecoxib might accelerate the rate of AD diagnosis in patients with MCI was not supported by data on secondary measures in the same study, nor by other data from previous studies that assessed cognitive and functional decline in AD patients (Aisen et al, 2003; Reines et al, 2004) . These observations suggest that the finding may not be indicative of a true treatment effect. If not a true effect, then the most likely explanations are a chance occurrence, or an imbalance between the treatment groups that existed at baseline or arose during the study due to differential discontinuations.
We cannot exclude the possibility that rofecoxib might accelerate conversion of MCI patients to AD, although this possibility would be at variance with the prior epidemiological and clinical data cited above, as well as the body of experimental evidence suggesting that COX-2 inhibition might attenuate neuronal death in several disease states including Parkinson's disease, multiple sclerosis, and amyotrophic lateral sclerosis, in addition to AD (Andreasson et al, 2001; Jain et al, 2002; Xiang et al, 2002; Giovannini et al, 2003; Scali et al, 2003; Teismann et al, 2003; Qin et al, 2003; Consilvio et al, 2004; Rose et al, 2004) . The early onset of the treatment difference (and the lack of progressive widening of the difference over the course of the trial) further argues against a direct effect of rofecoxib on the underlying pathophysiology in AD. It could be speculated that the apparent increased conversion to AD might be secondary to a non-AD-specific aspect of rofecoxib's biological effects. For example, rofecoxib and other NSAIDs can cause small mean increases in blood pressure (Gertz et al, 2002; Schwartz et al, 2002) . It has been suggested that increased blood pressure might be associated with an increased risk of dementia, although the evidence is inconsistent (Skoog, 1997; Birkenhager et al, 2001) . We investigated this possibility by performing post hoc analyses to determine if the rofecoxib : placebo risk ratio for diagnosis of AD increased as a function of increased blood pressure change. There was no evidence for such a relationship. A proposed mechanism by which increased blood pressure could lead to dementia is due to an increased risk for cardiovascular adverse events such as strokes or infarcts. As noted below, there was no evidence for an increase in these types of events in patients taking rofecoxib. Furthermore, CT or MRI brain scans were performed in all patients diagnosed with dementia, to exclude the possibility of vascular dementia.
In addition to evaluating efficacy, the present study provided important placebo-controlled data on the safety of rofecoxib 25 mg over periods of up to 4 years in an elderly population. The median duration of exposure to study medication was approximately 2 years. The mean age of patients was 75 years and approximately 50% were at least 75 years old. Previous safety data on rofecoxib come largely from osteoarthritis studies looking at a relatively younger population with a mean age around 60 years (Langman et al, 1999; Reicin et al, 2002) . Rofecoxib was generally well tolerated by the elderly patients in the study, consistent with results from prior clinical studies in osteoarthritis (Langman et al, 1999; Reicin et al, 2002) and AD (Reines et al, 2004) . The overall incidence of adverse experiences, serious adverse experiences, and discontinuations due to adverse experiences were similar or only slightly increased for rofecoxib vs placebo. Not surprisingly, there was an increase in the number of adverse experiences thought to be drugrelated by the investigators for rofecoxib vs placebo, but relatively few patients discontinued treatment due to these adverse experiences. The increase was mainly due to small increases in adverse experiences known to be associated with NSAID use and previously reported for rofecoxib such as dyspepsia, hypertension, and peripheral edema. Despite the high mean age of the study population, few patients had confirmed upper gastrointestinal perforations, ulcers, or bleeds, although there were numerically more in the rofecoxib group than in the placebo group. Elderly patients are at increased risk for serious vascular events. Rofecoxib did not appear to increase the risk in this study, since the number of confirmed serious thrombotic vascular events was similar in each treatment group. The procedure used for determining confirmed cardiovascular events, such as heart attack and stroke, was the same as for the recent 3-year APPROVe (Adenomatous Polyp Prevention on Vioxx) study in 2586 patients (62% male, mean age 59 years) with a history of colorectal adenomas, which found an approximately two-fold increased relative risk for these events in patients taking rofecoxib vs placebo, beginning after 18 months of treatment (Bresalier et al, 2004) . The reason for the discrepancy between the present findings and those from APPROVe is unclear. No striking differences were noted between the treatment groups with regard to other, nonserious, vascular adverse events in the present study. The total number of deaths and causes of death on-drug were consistent with expectations for an elderly population, and there was no specific pattern as to the cause of death in either treatment group. The off-drug mortality data are difficult to assess since follow-up information was available for less than half the patients, there was an imbalance in the extent of follow-up data between the two groups, and the majority of deaths occurred more than 48 weeks after treatment had been discontinued.
In conclusion, the finding that rofecoxib did not delay a diagnosis of AD in the present study, or slow the progression of AD in previous studies (Aisen et al, 2003; Reines et al, 2004) , suggests that inhibition of COX-2 is not a useful therapeutic approach in AD. It is possible that nonselective NSAIDs may still be found to have beneficial effects in treating or delaying the progression of symptoms in AD, due to factors other than COX-2 inhibition. However, the only long-term results from an adequately designed study with a nonselective NSAID (naproxen) available to date are not encouraging (Aisen et al, 2003) . Trials evaluating alternative, non-anti-inflammatory, approaches to delaying a diagnosis of AD in patients with MCI are underway (Petersen, 2003) .
